Recieved May 31, 1974 Several investigators have selected such behavioral traits as phototaxis or geotaxis of Drosophila flies by classification maze. Erlenmyer-Kimling et al. (1962) and Hirsch and Erlenmyer-Kimling (1962) concluded that the geotactic behavior was controlled by a polygenic system, and X and second chromosomes favored the positive geotaxis and third chromosome slightly contributed to the negative geotaxis in D, melanogastey. Dobzhansky and Spassky (1962) selected for the geotaxis of monomorphic or polymorphic populations of D. pseudoobscura, and they observed that the chromosomal composition was changed by such directional selections.
Some quantitative characters as well as qualitative ones associated with phototactic or geotactic response to selection have been observed : for instance, body size (Pasteur, 1969) and sexal isolation (del Solar, 1966) in D, pseudoobscura and some quantitative characters in D. virilis (Choo and Oshima, 1974) . Oshima et al. (1972) selected the phototaxis for positive and negative directions in D. virilis by a maze which is similar to the Hirsch's maze. The response to selection for positive and negative directions was not symmetrical. Choo (1975) analysed the phototaxis in Okinawa population of D, melanogastey, and he assumed that the number of polygenes manifesting positive or negative phototaxis became unequal after selections through many generations.
It is conceivable that the state of gene pool is biased by the selections for phototaxis, though this state is maintained to the balanced neutrality in the natural population of flies. On the basis of the state of gene pool, some quantitative character of flies could be changed with the progress of selections.
In this paper, the frequency of deleterious genes and the emergence rhythm of flies in populations selected for positive or negative phototaxis were analysed.
Correlation between phototaxis and its related characters in selected populations will be discussed.
MATERIALS AND METHODS

1) Selection for positive and negative phototaxis.
A population of D. melanogaster, derived from flies collected in Katsunuma, Japan, 1963, has been maintained in a cage at a constant temperature room at 25±1°C for about ten years.
The maze apparatus and experimental method used in this study were precisely described in the previous paper (Choo, 1975) . Each 300 individuals in different sexes were taken from the cage population, and they were separately introduced into the starting tube of the maze (male first) . Flies were allowed to choose either light or dark pathways and finally to enter into the eleven terminal tubes, numbering from 1 to 11. Flies in tube 1 chose 10 consecutive light pathways, and flies in tube 11 chose 10 consecutive dark pathways.
Flies in tube 6 chose equal number of either light or dark pathways.
In every generation, 20 females and 20 males which showed the distinct positive phototaxis were bred in a milk bottle containing cornmealyeast medium as the photopositive population, while the photonegative population was established with 20 pairs of flies showing the distinct negative phototaxis.
Such selections for phototaxis were repeated for fifteen generations.
2) Viability test of homozygotes for each second chromosome extracted from both selected and unselected populations.
When the phototactic selections proceeded to 10th generation, many male flies were randomly sampled from three populations : photopositive, photonegative and original populations.
As a control of this experiment, the original one has been maintained without selection (unselected population).
Flies extracted from each population were individually crossed with three Cy/Pm females (Cy : Curly wing, Pm : Plum eye). A single Fl Cy male of each cross was again mated with three Cy/Pm females. Three pairs of FZ Cy males and females of each cross were cultured. In F3 generation, a second chromosome of a parental male fly was duplicated homozygously.
Each second chromosome was classified into four groups by the proportion of wild type flies in total F3 progeny: lethal, semilethal, subvital and normal chromosomes.
If the proportion is 0, the chromosome is a complete recessive lethal chromosome. However, in case it is distributed between 0.01 and 0.167, between 0.168 and 0.250, and over 0.251, the chromosome is assumed to be semilethal, subvital and normal chromosome, respectively.
3) Allelism test of lethal genes. Lethal chromosomes isolated from each population have been maintained as balanced lethal strains with Cy chromosome.
These lethal strains were mutually crossed to get the frequency of allelism between lethal genes. The value was obtained by a percentage of allelic crosses among the half dialled crosses. 4) Phototaxis of heterozygous flies for lethal chromosomes.
In the case of non-allelic crosses of the allelism test, two different kinds of flies were obtained : Cy and non-Cy flies. The non-Cy flies were heterozygous for non-allelic lethal genes (lti/l;). The photoscore of non-Cy flies, emerged from non-allelic crosses, was estimated by the maze apparatus.
On the other hand, twenty Cy-lethal heterozygous strains and twenty Cy-normal heterozygous strains were established from a natural population at Katsunuma in autumn 1973. Five virgin females of each strain (Cy/l or Cy/+) were crossed with five males of Oregon-R strain.
Non-Cy flies (l/OR or +/OR) in the next generation were collected and the photoscore of these flies was estimated by the maze apparatus. 5) Adult emergence time and emergence rhythm. At 10th generation of phototactic selection, both photopositive and photonegative populations were introduced into milk bottles containing culture medium and transferred to new bottle every three days in order to collect many flies emerged simultaneously. On the other hand, flies of Oregon-R strain, emerged simultaneously, were used as a control.
About twelve hundred flies were divided into three bottles (about 200 flies of each sex per bottle), containing two sheets of slide glass spread with nutritional yeast medium.
Several hundred eggs, laid on medium for 60 minutes under dark condition, were collected and each fifty eggs transferred on cornmeal-yeast medium in a small vial (6 cm high, 3 cm diameter).
Thirty small vials having fifty eggs in each vial were equally divided into three groups and each group was put separately under three different light conditions: 1) constant light (LL, 2500 lux of white fluorescent lamp), 2) constant dark (DD, 0 lux, emerged flies were counted under 3 lux of a small red lamp) and 3) periodical light and dark (LD 12:12). The temperature condition was constant 25°C. The same procedures of experiment were performed with both photonegative population and photoneutral flies of Oregon-R strain.
EXPERIMENTAL RESULTS
1) Selection for positive and negative phototaxis. Mean photoscores and their variances of both photopositive and photonegative populations during fifteen generations were presented in Table 1 , and graphically shown in Fig. 1 . The mean photoscores and variances of both sexes in the foundation population were 5.81 and 7.27 for females, and 5.84 and 7.36 for males, respectively. Flies of the population were nearly neutral in reaction to light. After 15 generations of selection, the mean photoscores of both female and male in the photopositive population were the same value of 4.09, and those for the photonegatve population were 7.55 and 7.75, respectively.
The variances of the photoscores in the flies of these poplations did not show any reduction during selection.
Realized heritability for the first 10 generations to both directions of the selection was computed by the average ratio of the selection response to the selection differential as described in the previous paper (Choo, 1975) . The results obtained were summarized as follows:
Photopositive Photonegative Female 0.0258±0.0095 0.0343 ± 0.0082 Male 0.0332±0.0132 0.0230±0.0123
The realized heritability was fairly low, and no significant difference was detected between photopositive and photonegative populations.
The standard error of heritabilities of males was slightly larger than that of females in both populations.
The populations selected for both positive and negative phototaxis were relaxed after fifteen generations.
In every generation, about 200 pairs of female and male flies were randomly taken from the population of emerged flies, and cultured for the next generation.
Newly hatched virgin females and males (about 300 flies of each) were separately introduced into the maze apparatus to the test of their photo-reaction. Mean photoscores and their variances of both populations after relaxation were also given in Table 1 and Fig. 1 . The behavioral diversity, produced by the directional selection, was rapidly extinguished by the relaxation of selection. Their photoscores returned to the neutral level for a half time of the foward selection. The speed of return of the photopositive population was slightly faster than that of the photonegative population. were 43.4% and 17.6% for the photopositive and photonegative populations, respectively.
The former population contained higher frequency of deleterious chromosomes than the latter one. On the other hand, the frequency of deleterious chromosomes in the unselected population was 27.0%. This was intermediate between both selected populations.
Similar results were observed in our previous experiment using materials originated from Okinawa natural population. At 20th and 21th generations, many second chromosomes isolated from both photopositive and photonegative populations were analysed by Cy/Pm method, and the results were added to Table 2. The frequency of deleterious chromosomes in the populations selected for positive and negative phototaxis was estimated to be 35.9% and 3.4%, respectively.
3) Allelism test between lethal genes. The frequencies of allelism between lethal genes, extracted from the unselected and two different phototactic populations described in the previous chapter, were presented in Table 3 . The frequency of allelism within a population was approximately proportional to those of lethal chromosomes. However, non-allelic lethal genes were found between two different populations except for some allelic lethal genes between photopositive and photonegative populations.
Lethal genes were divided into several allelic groups by the results of allelism test as presented in Table 4 . Four groups and two single lethal genes, four groups and five single lethal genes, and seven groups and two single lethal genes were classified from the photopositive, photonegative and unselected populations, respectively.
Number of lethal chromosomes belonging to each group was shown in parentheses. Forty seven lethal chromosomes extracted from the photopositive population were almost equally divided into four allelic groups and other only two chromosomes had different single lethal gene. Ten lethal chromosomes in the group N of the photopositive population and three lethal chromosomes in the group III of the photonegative population carried an allelic lethal gene. 4) Phototaxis of heterozygous flies for lethal chromosomes. Mean photoscores and their variances of non-Cy flies, isolated from the allelism test mentioned in the previous section, were presented in Table 5 . The mean photoscore of non-Cy flies, double lethal heterozygotes extracted from the photopositive population (G. 10), was 5.04 for females and 4.49 for males.
Their responses were assumed to be photopositive significantly from the phototactic neutrality (X=6.0) (P<0.05). Similar double lethal heterozygotes, extracted from the photonegative and unselected populations, showed slightly photopositive response as compared with the mean photo- Table   3 . Frequency of allelism of lethal genes contained in photopositive and photonegative populations (G. 10) and unselected population originated from Katsunuma natural population In the different experiment, heterozygotes for lethal and normal second chromosomes extracted from Katsunuma natural population and flies of Oregon-R strain were slightly photopositive, but heterozygotes for two normal chromosomes, extracted from the same populations, were recognized to have neutral response, as shown in Table 5 . 5) Adult emergence and emergence rhythm. The mean adult emergence time (to value) of flies, accepted either positive or negative phototactic selection for 10 generations and of Oregon-R strain were estimated under three different light conditions.
The results were presented in Table 6 . Flies of Oregon-R strain developed faster than photopositive or photonegative flies under all Individual number of adult flies emerged under different light conditions was counted at six settled times a day, that is, mid night, 4.8 AM, noon, 4.8 PM. Although all eggs started to develop almost synchronously, adult emergences of flies of Oregon-R strain and photopositive flies occurred within the range of about 36 hours and those of photonegative flies occurred within 60 hours.
The results were graphically shown in Fig. 3 . It is noteworthy that photonegative flies emerged without rhythmicity under all light conditions and a peak of adult emergence of flies of Oregon-R strain and photopositive flies appeared at first several hours of the light period under periodical light and dark condition (DL 12:12), though such a rhythm of adult emergence disappeared under the constant light condition. 
DISCUSSION
The foundation population of the phototactic neutrality was able to be deviated to flies of both positive and negative phototaxis by the selection.
If the selection for phototaxis was relaxed, these characters easily returned to the neutral state as shown in the present experiment.
This result was similar to the phenomenon observed in the phototactic or geotactic behaviors of D, pseudoobscuya by Dobzhansky and Spassky (1969) and successfully able to be explained by the generalized theory of genetic homeostasis (Lerner, 1954) . A balanced state of gene pool of the population, having no experience of such selections, seems to be biased by the directional selection, although a fairly amount of heterozygotes for phototactic genes may be still restored owing to the superior fitness in the selected population.
Therefore, when the selection was relaxed, the balanced state of gene pool was rapidly recovered by increasing such heterozygotes under natural condition.
As a matter of course, it is probably safe to assume that the selection for phototaxis affected the composition of genetic system of the population, i.e, some quantitative or qualitative characters were gradually changed.
Such experimental results would be ascribed to either physiologically correlated characters or linkage relationship between genes manifesting these characters. A genetic mechanism of such correlated response to selection has been analysed by several investigators. Mather and Harison (1949) detected the sterility in lines selected for high bristle number in D, melanogaster. They concluded that there was a linkage relationship between genes manifesting the sterility and the number of bristles.
In the phototactic selection of D. pseudoobscuya, Pasteur (1969) reported that the morphological differences of flies were recognized between populations selected for positive and negative phototaxis or geotaxis. Choo and Oshima (1974) observed in D, virilis that the photopositive flies had smaller body and lower fecundity than photonegative ones after phototactic selections.
Recessive lethal genes accumulated in the photopositive population were found to be more than in the photonegative or unselected populations. Such results were similarly observed in both selected populations of Katsunuma and Okinawa. A positive correlation between photopositive genes (polygene) and lethal genes was also recognized by the results that heterozygous flies for two different lethal chromosomes (li/l;) extracted from selected and unselected populations, and heterozygous flies for lethal and normal chromosomes (l/OR) were more photopositive than heterozygous flies for normal chromosomes (+/OR). Forty seven lethal genes in the second chromosome accumulated in the photopositive population were divided into only four allelic groups, but their loci on the chromosome were uncertain.
If some of polygenes manifesting the photopositive behavior were closely linked with these loci, they were concurrently accumulated by the phototactic selection.
The emergence rhythm of flies was observed.
The developmental rhythm of many flies would be synchronized by circadian rhythm of photoperiod, temperature and humidity.
In the present experiment, the adult emergence of most flies occurred during early several hours of light period under constant temperature (25°C) and periodical light and dark environment. It thus appears that this character has an important adaptation for natural environment. Konopka and Benzer (1971) reported several mutant major genes of D, melanogastey, having the pleiotropic functions to both emergence and locomotion rhythms of adult flies. Their rhythmic characters were long periodic (28 hours) and short periodic (19 hours) circadian rhythms and also non-rhythm.
On the other hand, some polygene should be responsible for normal or abnormal rhythmicities. From the fact that emergence rhythm of photonegative flies was lost, it seems to us reasonable that the regulatory function of their bioclocks to the circadian rhythm of light and dark environment was lost. It is not clear, however, that such a character is due to either pleiotropic functions of photonegative polygene or a deleterious function of other linked major gene(s).
In any case, both photopositive and photonegative flies would be forced to decrease their adaptability to the natural environment.
SUMMARY
Three hundred pairs were sampled from a population of D, melanogastey collected from Katsunuma in 1963 and maintained in laboratory. They were selected to both photopositive and photonegative directions during fifteen generations. These two populations responded effectively to the selections, and the realized heritability of both populations for the first 10 generations was estimated similarly to be about 3 per cent. These populations were relaxed after fifteen generations of selection, and their positive or negative phototactic behaviors were returned to their initial states after only seven generations.
This phenomena could be ascribed to the genetic homeostasis formed by the natural selection.
The frequency of deleterious second chromosomes and adult emargence rhythm in these phototactic populations were analysed.
The frequency of lethal and semilethal chromosomes in the photopositive population was 43%, and those for the photonegative and the unselected populations were 18% and 27%. The correlation between the frequency of lethal genes and photopositive character was confirmed by the photopositive behavior of lethal heterozygotes (lti/l; or l/OR). Adult emergence rhythm of photonegative flies was not observed even under the periodical light and dark environment (LD 12:12). Mean developmental time (from egg to adult) of photonegative flies was longer than photopositive and unselected flies. 
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